INTRODUCTION

67
Regional variation in community composition is a central property in nature 68 (Wallace, 1876; Kraft et al., 2007) . With increasing environmental destabilisation 69 and biotic homogenisation, predicting how ecosystems will function following 70 disturbance relies on identifying processes that govern community assembly 71 (Ricklefs, 1987 ; Barnagaud et al., 2014; see Table 1 limited by interspecies barriers that govern parasite spread and diversification 96 (Fig. 1 ). This process, termed 'ecological fitting' (Janzen, 1985) , suggests many 97 parasites are capable of infecting a broader range of hosts than is currently For parasites that rely on host dispersal to colonise new areas, regions 102 comprising a diversity of host species whose ranges overlap with other potential 103 hosts (i.e. high distributional connectivity to other regions; 'host community 104 connectivity') should support broader parasite diversity due to increased niche 105 space (Hector et al., 2001 ) and a higher likelihood for parasites to break 106 geographic and/or environmental barriers (Fig. 1) . However biotic barriers 107 could still limit parasite invasions in phylogenetically diverse systems, 108 particularly if invasion success is positively related to the invader's local 109 phylogenetic distinctiveness (i.e. more locally distinct invaders are less likely 110 to be limited by related competitors; HilleRisLambers et al., 2012 ). Yet while host 111 community connectivity can overcome geographic dispersal barriers, few studies 112 recognise this aspect as a potential driver of parasite assembly (but see Buckee 113 et al., 2007) . 114
Parasites are often restricted to hosts with phylogenetically conserved 115 ecological or physiological traits (Janzen, 1968; Rohde, 1980 Hellgren et al., 2014) . 138 We assess barriers that may govern parasite local coexistence at the 139 species level by estimating effects of host community connectivity and 140 interspecies barriers (host phylogeny and parasite host specificity) on parasite 141 local phylogenetic distinctiveness. We then address barriers at the community 142 level by (1) exploring effects of host phylogenetic turnover, environmental 143 variation and geographic distance on parasite turnover and (2) testing if host 144 connectivity or environmental variation influence parasite phylogenetic 145 community skewness. We expect that increased host community connectivity 146 reduces barriers to parasite establishment, leading to phylogenetically 147 homogenised parasite communities. If host phylogeny acts as a relatively strong 148 interspecies barrier to parasite assembly, we expect that distinct hosts carry 149 distinct parasites and that between-region host turnover predicts parasite 150 turnover. We also expect host-specialist parasites to be more locally distinct than 151 generalists, as specialists may have less opportunity to diversify through host 152 range expansions. Alternatively, if higher diversities of host specialists are able 153 to co-occur through extensive niche packing (Ricklefs, 2010 Total.DisH*parasite genus interaction. To decompose variation among covariates 255 and account for underlying phylogeographic structure, host phylogeny and 256 sample region were included as random grouping terms, allowing inferences for 257 group-specific slopes whilst estimating between-group variation (Gelman & Hill, 258 2007 ). 259
The model was fitted in a Bayesian framework using R package 260
MCMCglmm (Hadfield, 2010) . We used a flat prior for residual variance and 261 parameter expansion (redundant multiplicative reparameterisation of the linear 262 model) for grouping terms, which reduces dependence among parameters and 263 improves mixing (Gelman, 2006) . To account for phylogenetic uncertainty, we 264 ran separate models across 50 host trees (Guillerme & Healy, 2014) . Models 265 were run using two chains of 100,000 iterations with burn-in of 10,000 and 266 thinning interval of 300. Chains were inspected for mixing/convergence both 267 visually and with the Gelman-Rubin diagnostic (Gelman & Rubin, 1992) . 268
Autocorrelations were calculated to ensure independence of coefficient 269 estimates (all autocorrelations < 0.1). 270 271
Community analyses 272
Interspecies and geographic barriers to parasite phylogenetic turnover 273
To describe shifts in diversity among regions, parasite phylogenetic turnover 274 (βP) was calculated (using binary occurrence data; Tsirogiannis & Sandel, 2015) 275 between regions where three or more parasites occurred. Host turnover was 276 calculated using either sampled hosts (Sampled.βH) or total avian assemblages 277 (Total.βH). Distances between paired regions were calculated as beeline distance 278 (km) between central points (mean latitude and longitude of regions). Regional 279 climate dissimilarity was captured by three Gower's distance matrices (Gower, 280 1971) to describe temperature and precipitation variation (both of which are 281 thought to influence haemosporidian distributions; Sehgal et al., 2010; Sehgal, 282 2015 by repeating regressions over 1,000 iterations, where β values were re-294 calculated in each iteration using randomly sampled (with replacement) trees. 295
To account for sampling variation that could bias turnover estimates (rare 296 species may be more likely to be observed with larger sample sizes), we 297 randomly removed subsets of species from well-sampled regions (>8 observed 298 parasite species) prior to regression. We arbitrarily allowed the proportion of 299 removed species to vary across a uniform distribution from zero to 30% in each 300 iteration. Regression coefficients and R 2 values were gathered from the 1,000 301 Parasite distinctiveness (DisP) was strongly related to host phylogeny (variance 339 explained = 46.8 to 78.3%), with hosts from certain clades more likely to carry 340 distinct parasites (Fig. 3) . These included carriers of distinct Haemoproteus spp. 341 such as doves (Columbidae), kingfishers (Alcedinidae) and corvoids such as 342 crows (Corvidae) and whistlers (Pachycephalidae; Fig. 3 ), all of which occupy a 343 range of regions yet rarely co-occur with sympatric sister species (Dutson, 2012 ; 344 Jønsson et al., 2014) . After accounting for the strong influence of host phylogeny, 345
DisP was also positively predicted by local host total distinctiveness (Total.DisH; 346 coefficient 95%CI = 0.04 to 0.12; variance explained = 2.48 to 6.38%; Fig. 3 (Fig. 2) . 394
Parasite community skewness indices were predominantly negative 395 (right-skewed; Fig. 4) , with assemblages generally made up of more closely than 396 distantly related parasites. Parasite skewness was not influenced by host 397 community connectivity or host skewness, but was driven by mean temperature 398 of the coldest quarter (coefficient = 0.02 to 2.98; variance explained = 0.2 to 399 10.6%), with colder regions harbouring more negatively skewed communities 400 (Fig. 4) . Parasite skewness also differed between genera (coefficient = -0.91 to -401 0.02; variance explained = 7.5 to 27.10%), with Plasmodium more negatively 402 skewed than Haemoproteus communities (Fig. 4) . Interestingly, Haemoproteus 403 communities in Papua New Guinea were positively skewed, while those in 404 eastern Australian were negatively skewed (Fig. 4) , suggesting neighbouring 405 parasite assemblages with low phylogenetic turnover (Fig. 2) Our study raises a critical point for assessing parasite composition, as measures 504 of host relationships were more important in driving parasite assembly when 505 considering the total host assemblage rather than only sampled hosts. A host's 506 distinctiveness with respect to the entire avian community positively predicted 507 parasite distinctiveness, while considering only sampled hosts had no influence 508 on parasite distinctiveness. Phylogenetic turnover of the total avian assemblage 509 was also a stronger predictor of Haemoproteus turnover than was sampled host 510 turnover. These findings imply that variation in unsampled but locally present 511 host species are important for driving parasite establishment. Inferences beyond 512 those obtained from sampled hosts are clearly needed, a process which is rarely 513 considered in host-parasite interactions (but see Wells et al., 2012) , despite 514 being a well-known problem in the sample survey literature (Little, 2004) . 515 516
Caveats and conclusions 517
There are several ways in which our study framework can be improved. First, we 518 did not consider individual sites in our study as our data was limited by small 519 sample sizes for many sites. Inclusion of site-specific species and climate data 520 could be used as an additional source of information to examine possible impacts 521 of sampling bias on regional community inferences. Community assembly: the establishment and maintenance of local communities through arrival of potential colonists from external species pools.
Environmental barriers: environmental differences between regions that may govern species' distributions, including variation in macroclimate, habitat and altitude.
Geographic barriers: physical barriers to between-region parasite dispersal, including geographic distance, mountain ranges, and water barriers.
Host community connectivity: the distributional overlap of host communities among regions, taking into account host species richness and host geographic range sizes. Here, Sampled.ConH describes host community connectivity while considering only sampled avian host species, and Total.ConH describes connectivity for all occurring avian species within a local assemblage.
Host specificity: the range and diversity of hosts a parasite is observed to infect. Here, d' describes parasite host specificity using host-parasite interaction networks, while STD* describes phylogenetic host specificity using host phylogenetic distances.
Interspecies barriers: for parasites, interspecies barriers relate to variation in host species attributes that prevent parasite spread and diversification. These may include host phylogenetic relatedness and ecological similarity (e.g. microhabitat use, nesting behaviour, and feeding behaviour).
Local phylogenetic distinctiveness: the average pairwise phylogenetic distance between a focal taxon and co-occurring taxa within a local assemblage. Here, DisP describes parasite species distinctiveness, Sampled.DisH describes host species distinctiveness with respect to co-occurring sampled host species, and Total.DisH describes host species distinctiveness with respect to all co-occurring sampled avian species.
Phylogenetic community skewness: a measure of the asymmetry of species' pairwise phylogenetic distances, where a left-skew indicates relatively more distantly than closely related species in a community, while a right-skew indicates the opposite.
Phylogenetic turnover (β): shifts in phylogenetic diversity between communities. Here, βP describes parasite phylogenetic turnover, Sampled.βH describes turnover of sampled host assemblages, and Total.βH describes turnover of total avian assemblages. 
